A short-term rat experiment was carried out in order to investigate the time course of the incidence of rat molar caries and the variation in the number of the oral cariogenic microorganisms or their biochemical properties. From the results obtained, an attempt was made to clarify the oral environment at the time of incidence of initial caries.
are shown in Table 1 , were carried out in order to identify these microorganisms.
Organisms were assigned to species using Bergey's Manual of Determinative Bacteriology, 8th Edn (1974)n).
Results

Growth of animals
The rate of growth in each rat group, as measured by the body weight gain during the experimental period, as shown in Fig. 4 , was satisfactory.
Caries incidence Carious lesions began to appear approximately at day 5 when the cariogenic diet was offered, and increased quickly. At day 15, carious lesions were found in about 80% of all fissures and then increased gradually to 100% at day 33. In Fig. 6 , the graph shows the time course of caries incidence on a semi-logarithmic scale. Score T and Score B carious lesions increased at the same rate with an equal ratio in the early stage.
Differences in caries incidence between M1 and M2
1) The teeth
The time course of caries incidence in rat group A is shown separately for Mi and M2 (Fig.   7 ). Almost all fissures of M2 contained carious lesions at day 15. The incidence of caries in M1, was also quick, but it was at day 33 that all the fissures were found to be carious. The incidence Fig. 4 The growth curves of the rats. of caries in M2 was more rapid than in M1.
2) The fissures
The caries incidence of three fissures each in Mi and M2 is shown in Table 2 . In the first molar, central and distal fissures were attacked more quickly, that is, carious lesions were found in all of them at day 15. In the second molar, the caries started in the three fissures at almost the same time. In order to evaluate the progress of caries, the mean number of carious lesions extending to the dentin (i. e., score B) is shown in Table 3 . The central fissure was the most susceptible, and the mesial fissure was the least. In particular the mesial fissure of the first molar showed the lowest susceptibility to the caries.
Comparison of caries in rat groups
According to the caries score, the mean number of carious lesions at day 15 was compared.
There was not so much difference between group A and group B, but group C showed the lowest extent ( Fig. 8 and Table 4 ). Also rat group A and group B showed no difference when the first molar was compared with the second molar, but group C was the lowest (Fig. 9 and Table 5 ).
Next, according to this incidence of caries, the bacteria existing in the teeth were investigated in order to find the changes in oral environmental factors in both quality and quantity.
Variation in the bacteria in the teeth
The time course of the isolation rate of some bacteria on the right lower first molar in rat group A is shown in Table 6 . Veillonella or Actinomyces appeared early and then decreased. S. mutans showed an inclination to increase grad- Table 6 Time course of isolation rate of some bacteria on rat molars (group A)
ually, and Lactobacilli appeared in 100% of the subjects in all investigations.
Comparison of the isolation rate in each rat group The rate of isolation of some bacteria in molar teeth at day 15 in each rat group is shown in Table 7 . In rat group A, the isolation rate of Streptococci was high, but S. mutans was highly isolated in rat group C which was fed a non-cariogenic diet. S. mitis and Nocardia showed a high isolation rate in rat group A and group B. Lactobacilli appeared in 100% of the subjects in each rat group.
Comparison of the number of bacteria
In order to compare the number of bacteria, the total colony counts on some agars are shown in Table 8 . The total counts of bacteria in rat group C were not less than in group A or group B.
On the contrary, the number on blood agar in rat group C was more than in group B.
In rat group A, there were many colonies on Rogosa-SL agar which were considered to be Lactobacilli.
Biochemical test 1) S. mutans
The biochemical behavior of S. mutans taken from group A, B, and C is shown Table 7 The rate of isolation of molar tooth bacteria in rats (after 15 days) Table 8 Total counts of tooth-bacteria from rat Mi (After 15 days) Table 12 Lactobacilli differences in biochemical behavior toward carbohydrates (final pH)
2) Lactobacilli
The biochemical behavior of Lactobacilli taken from group A is shown in Table 11 and 12.
Almost all of these Lactobacilli were identified as Lactobacillus acidophilus, and one of these organisms had a very low final pH from sucrose or glucose.
Comments
In order to find the various factors related to caries, the complicated oral environments must be known well.
In animal caries experiments the environmental conditions and their effects on the teeth can be demonstrated biologically in a short period of time. Short-term experiments on rat caries seem to be suitable for producing a true carious lesion without regard for physical and other factors. In such short-term caries experiments, however, the states of caries incidence and the oral environment have not been studied enough. It is very important to get these facts in order to aim at suppression of the initial caries as the first step in caries prevention.
The time course of caries incidence
In the time course of caries incidence in group A, carious lesions appeared as soon as the rats were introduced to a cariogenic diet.
After that the number of carious lesions increased rapidly and also the progress of the lesions quickened. From the state of caries increase and progression, as shown in semi-logarithmic scale, it seems that the rate of caries incidence is unchanged for the first 6 days.
However, the caries incidence of the second molar is more rapid than that of the first molar.
Moreover, in fissure distinction, the differences in caries incidence and progress are clearly demonstrated, that is, carious lesions in the central and distal fissures of the first molar appeared early, but in the second molar, carious lesions appeared at almost the same time. The most rapid progress of carious lesions was observed in the central fissure, and the distal fissure followed. Caries of the mesial fissure progressed very slowly. In the mesial fissure of the first molar, caries appeared late and progressed slowly, so that it seemed to be protected from the caries attack. Speirs28) described this caries resistance of the mesial fissure of M1 in relation to the post-eruptive maturation. Hunt and Hoppert29)and Konig30) also showed the frequency distribution of the fissure lesions, and described the low prevalence in the mesial fissure of M1. Further, it is thought that morphologic traits such as the shape of the tooth81) or fissures82), the time of eruption28), the tooth age83), and the age of the rats34-36) are the chief causes of this phenomenon. However, Browns37) reported, regarding fissure shape, that the mesial fissure of M1 had caries susceptibility similar to that of the central fissure, and Marthaler38) observed that no interrelation seemed to exist between caries rates and early or late eruption of the first and second molars. Therefore, it may be that there are differences of physical or chemical reaction between the first molar and the second molar , and also among the three fissures.
Comparison of caries in the experimental groups
At day 15 of group A and group B, there was no significant difference in the number of caries at each caries grade or between the first molar and the second molar. In group C , which was fed a non-cariogenic diet without sucrose, the number of caries was significantly lower than in group A or group B. Although this research did not aim at deciding the length of the experimental period, an essential difference in caries prevalence was shown at day 15 (i. e ., 10 days after starting the cariogenic diet) and the effects of the diets were also clearly shown.
If the statistical value or the stability is considered, a 20 day experimental period, as Huxley39) reasoned , is recommended. My research demonstrated that the incidence of caries was rapid when the oral environment was left under cariogenic conditions, especially in the presence of sucrose at all times .
Microbiota existing in teeth 34 Although the microorganisms indigenous to the oral cavity, especially microbiota in the teeth, are the etiologic agents of dental caries, it has been difficult to clarify their role in caries because of their complexity. Certainly progressive reports have been published regarding each oral microorganism considered cariogenic, and their cariogenic properties have been elucidated in vitro. Moreover, the ecology of the oral microbiota has been studied40) in recent years, so that the bacterial changes whose biochemical properties or composition affect the initiation of caries have become very important. These facts, however, are difficult to obtain from human subjects, especially in fissure caries.
In the rat short-term caries experiment, it seems to be possible to demonstrate the bacterial conditions in various states of fissure caries.
Regarding the microbiota in rat fissure, Kalberer41) and Huxley42) have reported morphological data. However, very little is known about the condition of the bacteria according to the incidence of fissure caries.
This report on bacteria in teeth aims at showing some information as to the variation of microorganisms in incipient caries. In group A, it was interesting that the isolation rates of S.
mutans increased gradually and Lactobacilli appeared in all cases. Veillonella appeared abundantly in the early stage, then decreased to 1/3-1/2 of its percentage of isolation, and then afterwards remained constant. Gibbons43) and Mazzarella44) indicated that the increased lactate concentration present in carious plaque was probably responsible for the increase of Veillonella.
The results of my experiment suggest that the role of Veillonella was more important at the time when the enamel caries was initiated, though it might not be the first attack organism.
At day 15, Streptococci were generally abundant in group A, but S. mutans was predominant in group C. Nocardia-like bacteria were abundant in group A and group B, and it seemed that the bacteria such as Rothia dentocariosa increased according to the appearance of dentin caries.
Lactobacilli also appeared in 100% of the cases. Although the role of Lactobacilli in the etiology of caries is often reported45), it is difficult to speculate on its role from these results alone.
In spite of the low caries prevalence in group C, the number of bacterial colonies in this group was not less than in the other groups. It seems that bacterial factors such as the composition of microbiota or biochemical properties are important.
On the other hand, in the biochemical behavior of S. mutans, it is very interesting that a strain derived from group C, which was fed a noncariogenic diet, strongly fermented starch or glucose rather than sucrose. Regarding S. mutans, although many studies have shown a relation to smooth-surface caries because of its extracellular polysaccharides, there was a report which suggested other organisms in the case of fissure caries46).
From the results of my research, however, I conclude that the properties of S. mutans play an important role in fissure caries. Accordingly, it seems likely that the oral environmental factors, especially sucrose, have an important effect upon the biochemical behavior of oral microorganisms.
From these aspects, regarding the incidence of incipient caries, I suggest that the biochemical factors of various bacteria have stronger influence than their mere numbers. I believe that the early establishment and evaluation of the oral environment are very important in caries prevention. 
